PCT 



ORGANISATION MONDUUDgl^ PRQWUETE WTELLECTUELLE 




DEMANDE INTERNATIONALE PUBUEE EN VERTU DU TRAJTT- DE COOPERATION EN MATTERE DE BREVETS (PCD 
(51) CMtote Internationale des breveti 6 : I (U) Numero de pubOeatloo Internationale: WO 96/21083 



E21B 43/10, 29/10, 33^27, 36AM, 17/00, 
F16L 55/162 



Al 



(43) Date d€ publication faternatiooak: 1 1 juilkt 1996 (M .07.96) 



(21) Nunero dt b denude toernattooafe: PCT/FR95/0.65I 

(22) Date de depfit International: 12 decembre 1995 (12.12.95) 

(30) Donates relatives ft hi priority 

94/16032 29 decembre 1994 (29.12.94) FR 

(71) Depoaut f/xwr w«j //j Eton dixignii taafUS)z DR1LLFLEX 
[FR/FRk ZAC des Moots Guiltier, 29, rue Lavoisier F- 
35230 ChatUloti-sur-Seiene (FR). 

(72) Inrenteurs; ct 
(75) InTeoteurs/Depoaants (i/5 seuUmemh LEIGHTON, Junes 

[GB/FR]; 50, bouievud Jacques-Cartier. F-3S650 Le Rheu 
(FR). SALTEL, Jon-Louis [FR/FRJ; 12. avenue dc la 
Moae, F-35650 Le Rheu (FR). 

(74) Mandatatee: LEFAOU, Daniel; Cabinet Rcgimbcau. Centre 
d'Aflaires Patton. 11, me Fonz-HeDer, Bote pottalc 19107 
F-35019 Rennes C&fex 7 (FR). 



90 ^nJ^f^ 91 J* bBBm arc ^ < AT * B E. CR DE. 
DK. ES. FR. GB. CR. IE. JT LU. MC. NL. ?T. SE>. 



Pttbliee 



Avec rapport de recherche international >. 



,5,>T,,k: ™ S^ESETI^K £^„ PA,mcu "'' w «• ™- « * « •»« « » 




e ™ 6 30 



92 30 3 60 4 »3 



(57) Abstract 



end .pplying the prefom. wdl eg*«ut Se^l V*T ^uTrt *" ^J^"*, "* by hydnutioUy infleting it 

longing, rigider «e*M«id^j£S^£ ^^k'^^6^^ffl^^Z r ^ nn (>) U lw ° » 

widUn the eteeve («). aid king Kp^^^^^^^^^^T^T "P"' 00 "* "» the well or pipe white it it 
method end device . »« for Cng et^y^K^oi^ ° f ^ 



CM 

m 

CO 



O 

o 

"5 



(57) Abrfj* 



moyen d une prffonne tubulaue souple. dmeuubk u> tttu. tvec introducuoo de U prfforme dam le puitt ou dans b canaioatior k Vim 
lonptuduulement .tpM. pui, depliementpjr foaflage hydraulk^ de U prffonne et applk.ua, de a. pro cona* cdbTptTou de b 

csnilisano^et enfin dun^m deb prfte^. Ccnfetisfcaem s I'irafea. b prften* (8) est ms«e dsn* ur. feuncsu S^^cs" 
qui est ntjde ou tannic en dinsedon tai«tadinale, mils est defomubk rrtbtenem. et b mise en pbce de b prtfonne^ fc puis 
ou b etuluaon a te siots qu'dfe est eottenue dsns sen founts* (6). ee dentiet teat sdpsrf de b prffen* e> i^TtST^ £b 
canriaanoo en fin d~cpftai.cn. TVibag des pug et dea canalisadon., mtme tenement devids. notsnnnent dsns Industrie ptorttee 



dea 



VNIQUEMENTA TITHE D'lN FORMATION 
denSdS SpS^^u^^ • UPCTlUrto ^ d4 <*« bcochu^a publb* 




ci 

CI 

GN 

cm 

KU 

IX 

IT 
JF 
K£ 

KG 
KP 

KB 

KZ 

U 

IX 

LR 

LT 

LU 

LV 

MC 

MD 

MC 

ML 

MN 

MR 



toyanw-UDi 
Gtape 



Ortot 



Koy. 
KirfhtziKMi 



At Carte 

dc Certe 



Sri 
Ubem 



MW 

MX 

NE 

NL 

NO 

NZ 

rL 
rr 

RO 

RU 

SD 

SI 

SG 

SI 

SK 

SN 

SZ 

TD 

TC 

TJ 

TT 

UA 

UC 

us 
uz 

VN 



Hexiqm 
Nifef 



Hdenik» de Rate 



SwazitMd 
Tdad 

Tofo 

TriMl<iTo6»fo 
Ukraine 

ttotvUab d'Amtriq* 



Viet Nam 



WO 96/21083 



PCT/FRJ5/0163I 



10 



15 



20 



25 



30 



PROCEDE ET DISPOSITIF POUR TUBER UN PUITS, NOTAMMENT 
UN PUITS DE FORAGE PETRQLIER, OU UNE CANALISATION 
AU MOVEN D'UNE PREFORME TUBULAIRE SOUPLE, 
DURC1SSABLE IN SITU 

La presente invention concetne un proc&fc pour tuber un puits. notamment 
un putts de forage peUolier. ou une canalisation, telle qu'un gazoduc ou un oleoduc par 
exemple, au moyen d'une preforme tubuJaire souple, durcissable in situ, par exemple 
thermodurcissabie. 

m J"J nVCnUOn C ° nCerne < * a,ement un «N«liif permettant de me.tre en 
oeuvrece proceed. 

Dans la presente description, et dans les revendications. on entendra par ic 
terme "tuber" 1 'action de consider un puits. ou une canalisation, notammem en vue de la 
reparer. en en revetant la paroi d'un cube rigide. encore appele tubage ou chemisage. 

Par le terme "prtforme" on entendra une structure tubulaire qui est 
.mualement souple et deformable e, qui. une fois placee dans la zone du puits a consi- 
der, est m.se en forme cylindrique. appliquee contre la paroi du puits ou de la canal.sa- 
«.on. puis durcie pour se Her intimement et a demeure a cetle paroi. constant ainsi le 
tubage ou chemisage. 

Pour lc tubage d'un puits de forage petroticr. ainsi que pour dcsapplica- 
«.ons s,m,la,res. ,1 a deja ete propose des preforn.es tubulaires souples et durcisLbles 
desnnees a etre mises en place a I'etat replie longitudinalemen, - e«at dans lequel ellcs 
posseden, un encombrement radial faible - puis a etre depl.ccs rad.alemen, par appl.ca- 
t.on d un gonflage hydraulique interne. Selon cette technique, qui es, notammen, decnte 
dans les documents FR-A-2 662 207 et FR-A.2 668 241. la preforme possede. apres 
depigment (ou deployment) radial, une forme stnetemen, cyl.ndnque. de dian^e bien 
determine. 

Un autre type de preforme connu. qui fait notamment I'obie. de la 
demande de brevet intemationale W0-94/25655. au nom de la demanderesse. possede 
une structure tubulaire qui comprend un tressage de meches souples. composTes dc 
fibres, qu, s'entrccroisent avec un certain jeu. de sorte que la structure peu, s'expanscr 
rad.alement tout en se restreignant en direction axiale sous I'effet de Implication d'une 
surpression a I 'interieur de la prtforme. 

AinSi ' reXpansi ° n * ,a P r < forme P"« * 'aire deux dtapes successi ves 
d abord par depliement, puis par expansion radiale ; on obtient a,nsi un de*re dex- 
pans,on neuement supcrieur a ceux obtenus avec les preformes souples menuonnees plus 
haut. cc qu, permet d'introduirc la preforme dans le puits a tube, e, ,'amencr en la zone 
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souhaitee, cn la faisanl traverser des ouvertures de faible dimension, par exemple des 
conduits rigides d€)k en place dans le puits, ayant un pins petit diamfctre ini&ieur. 

Ccttc technique connue est ufcs interessame, dans la mesure ou elie permet 
de boucher des perforations apparaissant dans un puits de production, sans qu'il faille 
5 retirer le tubage dtfji en place, et par consequent sans "tuer le puits M . 

U est apparu nianmoins des difficult** pour mettre en oeuvre cctte 
technique lorsque le puits est foriement d*vie, e'est-i-dire possfcde un axe formant un 
angle 6\ev6 par rapport & la verttcale. voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblemenl vertical. Ia prfforme 
10 est naturellcment rcciiligne (sous Teffet de la gravM) et die descend rtgulifcrement dans le 
puits au cours de sa mise en place. Toutefois, die risque d'etre endommag^e par suite des 
frottements contre les parois du puits ou les diffirentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est d*vi*, ou prtsente des coudes, la prtforme se 
15 ddforme cn raison de sa souplesse, et se positionne incorrectement dans I *axe du puits. ce 
qui provoque des frottements, voire des risques de blocage au cours de son enfoncemeni. 

La mise en place de la prdforme dans un puits fortement devie ou 
horizontal est done delicate, et mcmc impossible dans ccrtaines configurations. 

L'invention vise & resoudre ce probl&me, en proposant un procldl de 
20 tubage d'un puits ou d une canalisation au moyen d'une prtforme tubulaire souplc. 
durcissable in situ, qui puisse dgalement s'appliquer sans proWfcmes k des puits ou des 
canalisations non venicaux ou ayani une surface int&ieure risquant d'endommagcr ia 
prdforme. 

Comme dans les proc6des connus. on introduit la prdforme dans le puits 
25 ou la canalisation & Petal longitudinalement replte, puis - lorsqu'elle y a *te correctement 
positionn6e - on la ddplie par gonflage hydraulique pour lui donner une forme sensible- 
menl cylindrique, on Tapplique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proc6d6 qui fait Pobjet de I* invention est remarquable par le fait 
30 qu'avant d'introduire la prtforme dans le puits ou la canalisation, on I'instre (pro\ isoire- 
ment) dans un fourreau amovibie, qui est rigide ou semi-rigidc en direction longitudinalc, 
mais est deformable radialemenl, et qu'on met cn place dans le puits ou la canalisation la 
prdforme contenue dans son fourreau. ce dernier £tant ensuile - en cours d 'operation - 
separl de la prtforme puis - cn fin d'op6ralion retird du puits ou de la canalisation. 
35 La prtforme se trouve done prisonnifere du fourreau, et soutenue par lui. 

durant toutc la phase de sa descente dans le puits ou la canalisation. Ainsi cette descente 
se fait sans difficult^, mcmc si Ic puits ou la canalisation est fonement d^vie. voire 
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honzontal. ou prfcente une surface de paroi risquani d'ablmcr ia preforme. De preference 
le fourreau prtsente une cenaine flexibility qui autorise des parcours courbes ou coudeT 
Dans un mode preferemieldu precede, on insere la preforme paruellement 

Dans ce cas. dans un premier temps on deplie radialement uniquement la 
poruon de preforme qui depassedu fourreau. eton I'appUque contre la paroi du puitsou 

tract.on vets I amere (e'est-a-dire vers la sortie du puits). 

Ce procrfde s'applique particulieiement bien a une preforme qu, aores 

Dans ce as. la d&olidarisaiion de la preforme p., rappon , u follIIeau 
s opere avanugeuaemen, pa, su itt da dep U . mral de „ ^^1, p^Z. 
eomeaae daas ,e ^neaa. aprts ouoi ^ wecmtmmm * ^ du ^» 
1 expansion radiale de cette meme ponion. 

L'invention concerne egalement un dispositif pour tuber un puits 
notammen, un puits de forage petrolier. ou une canalisation, au moyen d'une preLme 
cubu latre souple. dont la parol est thermodurcissable in_sHu, cette preforme e7n 

longuud.nalement et un etat deplie sensiblement cylindrique. 

nose d. , a ,r ^ diSP0Sitif *" remartlUab,e ^ ,c fa ' 1 *™ comporte un equipment de 
P«cJe,apreforme.mo n ^ a rextremi,cd-une,igede commandetubu.airedestLaetre 
. = dans ,e puits ou ,a canalisatton depuis une tetc dc pu ,„ m ^ 

ce..e-ci le nJTlTT C ° ntr61c *>°™ la apte a foumir a 

LhL 1 ' SOUS PrCSSi ° n n<JCeSSaire & SO " dd P ,icmenl - " cas 

echeant. a son expansion radiale. ainsi que I'energie thennique necessairc au duresse- 
mem de sa paroi ; 

b) u„ fourreau amovible solidai re de ICrtmile de la Hge. 4 l in.dncr 
daque, ea easerree au „™s pani,,,,™,, , a pr<fonm . el qui „, ™ 

preforme lorsquc celle-ci se trouve a I'ctat depli*. 

Par ailleurs. selon un certain nombre de caracteristiques additionnelles 
avantageuses.nonlimitaUvesdcrinvention: a»'onnelles 

- le fourreau amovible est un tube fendu. apte a s'ouvrir pour libercr la 
preforme au cours de son dcpliement ; 
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- la prtforme est solidaire d\m manchon int&ieur arrachable, radialement 
expansible par gonflage hydraulique, & Pinterieur duquel est introdutt le liquide hydrauli- 
que foumi par Poutillage de pose et de contr6le et servant k d*plier la preforme. ce 
manchon *tant ddgonfW et slparl de la prtforme, en fin d 'operation, puis retire du puits 

5 ou dc la canalisation en meme temps que Poutillage et le fourrcau ; 

" la prtforme est thermodurcissable et, son chauffage est rtaiis* par effet 

Joule, par Pinterm&iiairc d'un cSWe dectrique ddformable. ce dernier 6tant stock* sous 

un faible encombrement dans une douilie qui est interpose entre Pextrtmit* de la tige de 

commande et 1 *ou tillage et est solidaire dudi t fourreau amovible ; 

10 * <* <*ble a une longueur sensiblement Igale k celle de la prdforme mise en 

place ; 

- la prtforme est ddpliable et radialement extensible ; 

• la prtforme comprend un tressage de mfcehes souples s'entrecroisant 
avec un certain jeu, de telle sone qu'elie peut s'expanser radialement tout en se reslrei- 

15 gnant en direction axiale. Ic matdriau constitutif de la preforme *tam une resine polymerisa- 
ble k chaud. dans laquelle est noy* ledit tressage ; 

- le manchon intlrieur arrachable, radialement expansible, comprend 
6galement (comme la prtforme) un tressage de mfcehes souples entrecroistfes aptes k 
s'expanser radialement tout en se restreignant en direction axiile, et qui sont emprison- 

20 nees entre des peaux intfrieure et extfrieure souples, certaines desditcs mfeches £tant 
rcmplacdes par des Tils conducteurs d'*lccincil*, aptes a chauffer la pr6forme par effet 
Joule, qui sont connectfs dectriquement audit cable. 

D'autres caract<*ristiques et avantages de 1 'invention apparaitroni de la 
description et des dessins annexes qui en reprfsentent un mode de realisation preference!. 

-5 Sur les figures : 

- la figure 1 est une vue g*n*rale schdmatique d'unc installation dc tubage 
mettant en oeuvre le proc&fc de Pinvention ; 

- la figure 2 est une vue g*n£rale. partiellementcoupdc. dc Pfquipement de 
pose dc la preforme ; 

30 ' la f >gure ^ repr^sente un tressage de mfcehes souples entrccroisees, 

constitutives de la structure de la preforme et du manchon qui scrt k Pexpansion de la 
preforme ; 

• la figure 4 est une coupe transversale schfmatique du manchon et de la 
preforme ^P6tatlongitudinalemem replies : 

35 * ,a fi 8 urc 4 A est une vue analogue k la figure 4. rcpreseniam I ensemble a 

Petatdeplic; 
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- la figure 4B est une vue analogue aux figures 4 et 4A represent*,,. 
I ensemble a 1'etat dip\i6 et radialement expand ; 

- la figure 5 est une vue schematise, en coupe long.tud.nale dc 
I ensemble consutu* par la prtforme et son manchon inteneur amenable ; 

5 - figure 6 es. un detail a plus grande echelle de la zone de la paroi de la 

preforme et du manchon qui est rtferencee VI a la figure 5 ; 

- les figures 7. 8. 9. 10, 12. 13, 14 et IS sont des vues schemattques 
»», ten. , i la figure 2, destinees a U.ustrer les difTerentes etapes successives de la Le 
en place d un tubage dans un puits de forage petmlier confinement a .'invention a 

10 Ta.de de I 'installation de la figure 1 ; . 

- Ics figures 11 et 11A sont des coupes transversales correspondan, 
respecuvement au plan de coupe X I de la figure 7 et XI A de la figure 10. ces vues etan, 
desun^s I , illustrer la f a9 on don, la preforme se desolidarise de son fourreau lorsqu e.le 
passederetot replied l\«ta,cylindrique. 

A,aft ? urel - OTad ^?ncparla re fe re ncePlaparoid'unpui t sdeforage 
Prober, don, une zone C doit e,re tubee : .a paroi C es, par exempie une canalisation 
perforee. Pour y accAier il fau, passer dans une restriction R. 

^installation de tubage. generalement designee par la reference 1 

«ubula,rc 13 componan, un cable electrique interieur. un manchon de guidage , , de cettc 

Lextrem.te libre dc la tige de commande 13 es, pourvue d'un equipemen, 

/ * ri ™ C6 ~ 6qUiPCmCM CSt — nellemen, d'unc 

dou.l, cy.ndnque 4 fixee a IWm.te libre de la ,,ge 13. d'un fourreau rigidificateur 6 

loge dans ,e fourreau. et accole a la douille 4. et d'une preforme souple 8 destinec a a,re 
mise en place dans le puits pour le consolider. 

La preforme 8 est portee par un manchon expanseur interieur arrachable 9 
qu eUc entoure. comme cela es, deja connu par le WO-94/2S6S5 deja cite «, comme cela 
sera decn, plus loin en reference noumment aux f.gures 5 e, 6. L'ensemble preforme 8 / 
manchon inteneur 9. inilialemen, coherent, est reference 7. 

L'ensemble 7 est enserrf dans le fourreau 6. e, retenu par friction a 
''^decclui-d.C^ttefricuonma.ntientegalementlW^ face 
35 am6re.contre la douille 4. que. par sa I ace 

Ce, ensemble 7 est obture a ses extremes par des bouchons 9^ Le 

bouchon 92 tourne vers I arriire e'est-a-dire ver< li * nr , a 

mere, c est a-d.re xers la sortie du puits. est traverse par un 
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conduit 30 qui ie rciie k I'outillage 3. Cc dernier comprend des moyens apies * refoulcr k 
l'intdrieur du manchon. via Ic conduit 30, un fluide sous-pression foumi au dispositif 
depuis la surface, c'esi^-djre depuis la t£te de puits 12 au moycn de ia tigc dc commande 
lubulaire 13, ou par pompage du liquide du puits grace k un dispositif de pompage 
5 contenu dans Poutillage 3. 

Par ailleurs, ('installation comprend un cable dlectrique 5, qui passe dans 
ia tige tubulaire 13, et est connects llectriquement k Touullage 3, par l intermddiaire d'un 
cSble souple 50. Ce dernier est cnroute ou rcpli* sur lui-m*me, pour prtsenter un faible 
encombrement, et il est log* dans une cavite fonnant receptacle prlvue dans la douille 4. 

10 Les cables 5 et 50 servent k alimenter en *lecuicit6, via I'outillage 3, 

Tensemble prdforme - manchon expanseur intdrieur. afin d'y g*n6rer par effet Joule la 
chaleur n&essaire au durcissement de la paroi de la prfforme, comme cela sera expliqutf 
plus loin, ainsi qu'& foumir I'lnergie dc pompage de Poutillage 3 et d'alimenter tous les 
systfcmes de contrMe nfcessaires 6quipant cet outillage. 

15 Bien entendu, le courant dectrique est foumi depuis la surface, a partir 

d'un gendrateur situ* k rexterieur du puits, rcli6 au cSble 5 aprts sa sonic du dispositif 
10. 

Comme on le voit sur la figure 2, 1 •ensemble 7 constitu* par le manchon 9 
ei ia prlforme 8 n'est pas complement insert k Finterieur du fcfurreau 6. 
-° On a d&ign* par la reference 71 la portion de cet ensemble qui se trouve k 

rtnterieur du fourreau, et par la reference 70 la portion depassante. cxtdrieure au 
fourreau. 

La partie extdrieure a unc longueur Lo sensiblement plus petite que la 
longueur Li dc la partie interieure 71. A cet *gard, il convient de remarquer que cette 
25 partie 71 a 6t6 raccourcie artinciellement sur le dessin (figure 2), pour ne pas en af feeler la 
Iisibilitc. 

A litre indicatif, la longueur Lo est de Tordre de lm, la longueur L, de 
Pordre de 10 k 30m, et la longueur L 2 . qui correspond au reste de r*quipcmem (douille 
4 et outillage 3), de I 'ordre de 4m. 

30 Comme on ie voit sur ta figure 11. le fourreau 6 est une envcloppc 

tubulaire cylindrique fendue, e'est-a-dire incomplfctement fermee. Cette enveloppc. 
rdalisdc par exemple en m6tal ou en mature plastique, possfcde une certainc rigidite 
longitudinalc, mais est facilement ddformable radialement dans le sens de son ou\ enure, 
comme on le comprend ailment k la simple comparison des figures 11 et 1 1 A . 

35 Dans une variante, on pourrait relier les bords en regard de la feme de 

Tenvcloppe par des attaches pouvant se rompre facilement au-dcla d'un certain seuil de 
prcssion interne. 
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De preference. I "enveloppe est rdativement flexible ce qui lui permet tout 
en ng.difiam convenablement Tensemble 7 en direction axiale. de suivre des tnyectoires 
non rectiiignes (coudes et courbes), par dtforrnation laterale. 

Dans I'exemple illustre aux figures 3 k 6. la preforme 8 et le manchon 
mteneur 9 possedent tous deux une structure similaire. compose* d'un tressage de fibres 
souples entrecroisees tel que celui deem dans le document WO-94/256S5 precite. 

Au besoin on pourra se reporter a cette publication, dont on considered 
qu'elle fait partie de la presente description pour rinterpretauon de I'Article L.612-5 ler 
alinea, du Code de la Propriete Intellectuelle. 

On rappelera. en reference a la flgure 3. que les meches souples sont 
repart.es en deux series 700a et 700b enlrelacees. formant une structure tubulaire 
deTonnable. 

La structure peut etre repliee longitudinalement, puis - sous I'effet d'une 
pressron interne - ctre~mise au rond", e'est-a-dire con/ormee en cylindre par depliement. 

Si elle est ensuite soumise a une pression interne plus elevee. on observe 
un deplacemem relatif des deux series de meches. ce qui en.ratne simultanement une 
expansion radiale et un raccourcissement longitudinal de la structure. 

Les meches souples sont formees de fibres ayant une bonne resistance 
mccamque a la traction, par exemple de fibres de carbone ou de verre. et jouent le r6le 
d armature deformable pour la pnfforme et/ou pour ie manchon expanseur de la preformc 

Les figures 4, 4 A et 4B representent respectivement rensemble 7 a 1'etat 
repl,e long.tudmalement. pour presenter une dimension transversale faible. ce m6mc 
ensemble - reference T - mis au rond. de diametre D,. e, enfin ce m6me ensemble 
- reference T - a Vim radialement expanse, de diametre D 2 sensiblement superieur a D, 
U d,ametre et I 'expansibilite radiale de la preforme sont choisis pour que 
D 2 conesponde au diametre de la zone * tuber. 

Comme le montrem les figures 5 et 6. la preforme tubulaire souple 8 
possede une paroi 82. en matiere initialement fluide, dans laquelle son. novees des 
structures tubulaires concentriques tressees 700. U matiere fluide est une resine 
synthetique. thermodurcissable par polymerisation a chaud. U preforme est pourvue 
d une peau exterieurc 80 presentant une face externe munie de depressions 801 el de 
reliefs 802 qu, favorisent son ancrage centre la paroi du puits et ameliorent I 'etancheite. 

Le manchon interieur arrachable 9. qui est appele "matrice" dans le WO- 
94/25655 deja cite, possede une peau interieure 91 et une peau exterieure 90. toutes deux 
en matenau souple e. elastique. entre lesquels se trouven. la structure deformable trcssee 
700. L interface en.re la peau exteme du manchon et la paroi interieure 91 de la preformc 
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8 est traitc\ par exemplc par enduction dc silicone, pour qu'il y ait peu d'adherence emrc 
ces deux parties. 

La preforme 8 entoure intimement ie manchon mteneur 9 qui, comme deja 
dit, esi obturc* a ses deux extrlmites, de manifcre Blanche, par des bouchons 92. Le 
5 manchon 9 est fix* a la preTorme 8 au moyen de manchettes d'extr^mit* 93, qui 
posscdenl des zones affaiblies 94, susceptiMes de se rompre facilement L'introduction 
d'un fluide hydraulique a Tint^rieurdu manchon, en vue de son gonflage el - corrtlative- 
ment du gonflage de la preTorme - se fait, comme deja dit, par une tubulure 30 qui 
de* bone he dans le manchon et une ou plusieurs ouvertures 300 de passage du fluide. 
10 L'outillage 3 comporte une ou plusieurs vannes appropri^es, pouvant etre 

commandoes depuis la surface, permettant d'effectuer le gonflage et le degonflage du 
manchon, en contr61ant la pression durant Popdraiion, ou un dispositif de pompage 
realisant la meme fonction au moyen du liqutde du puits. 

Certaines des meches 700 du manchon sont remplacees par des conduc- 
15 teurs llectriques (fils chauffants) relics llectriquement au dible SO. Ainsi, le chauffage du 
manchon int^rie ur et, correlati vemcnt, de la preTorme peut etre cornmande aussi depuis la 
surface, par alimentation electrique des cables 5 el 50. 

Nous allons maintenant decrire une operation de mise en place de la 
preforme 8 dans une zone C du puits. 
20 L'enscmble 7 form* par la preTorme et le manchon se trouve a I '6m repl ie* 

longitudinalement. tel que celui represent* aux figures 4 et 11. Dans cet e*tat, il s'inscrit 
dans un cylindre de diametre Do correspondant sensiblement au diametre intdrieur de 
Tcnveloppe fendue 6 (voir figure 1 1). 

Ce diametre Do est plus petit que ie diametre des diffcYents conduits ou 
25 autrcs restrictions R situls dans le puits, en arriere de la zone a tuber. 

Comme deja dit, seuie une partie dc longueur rdduile, en Toccurrence la 
partic 70, de I'cnsemble 7 dlpasse du fourreau 6. Par consequent, la preTorme est 
soutenuc sur la plus grande panie de sa longueur et possede (a\ ec son fourreau) une 
rigiditc suffisante pour autoriser sa progression reguliere a Tinterieur du puits. meme si 
30 eclui-ci est totalement ou en partie deVi*. 

La tete de pose 2, et la preTorme, vont done Stre poussees par la tige de 
cornmande 13 dans le puits, et s'y enfoncer progressivemenl, comme cela est symbolise* 
par la Heche F aux figures 7 et 8. La tige crease 13, de preference en acier, possede une 
bonne rigidite axialc, qui lui permet de pousser sans probleme la tete 2 dans le puits. 
35 Neanmoins ellc est suffisamment flexible pour sui vre les coudes ou autres courbures du 
puits. 
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U paroi du puits ou dc Ja canaJisauon C presente en une cenaine zont des 
P^orauons. ou autres overtures O. qu'on se propose de recouvrir par Ie tu^c 
a-cire par ta preforme polymensee. g 

Des moyens de controle appropries. connus en soi. sont prevus a„i 
permettentderealisercebonposiUonnemenL "t prevus. qu , 

ftrg0nna * eh >* rau,i ^^ 

23 ^ d ' ab ° fd miSe a " ^ P ™ «~ — — ■ Pour prend. 
diametre D 2 . qu. correspond au diametre inteneur du puits. 

Differed moyens peuvent etre prtvus pour que le depigment e , 
I expuaon radiaJe se fassent priontairement sur la portion 70 ' " 

Ainsi. par exemple. il est possible d'entourer la partie 71 par des lien, 
15 annu^ dont ,a resistance mecanique es, suffisante pour emriT ,e d ^ ei Tj d 
^onsousracuond^^ 

provoquer la deformation de la portion libre 70. ^ 

av a „r H r °" 0b,iem * ta 70 contrc P^ du pu.ts en 

avant des perforanonsO (voir figure 9). ■ 

^augmentation de la pression de gonflage provoquc la rupture des li en < 
cTune^ 

figure Z POrt ' 0n Prtf0rmC 7I ' laqUd,e PrCnd «"—• D « (voir 

Par suite de ce depigment, le fourreau fendu 6 s ouvre et prend u„o 
• ^^onenformegeneraledeU.referencee^alafigure ,U. 

il reste solidaiie, par son extrtmit* airier*, de la douille 4 

SlissersurlaoretT"' C ° nfigUrati ° n - h f ° Urreau « extractible. e, peu, 

parlafleche Galafieure ns'acenmrv,,,^^' .».»nnwisce 
50 g C $ accom P a ?ne d une mise sous traction de la partie dc cable 

La mise sous tension complete du cable 50 correspond au rctrai, comolet 
ujoorreau. ,a longueur du cable e*„, choisie pour correspoL a , Z uTrt 
•ubage. Le retnut se fait fakement, car la prfforme est ancree dans le puits 

preform. " £Wf ° m * 6 ' * " C0 ">P'^cment retire de la 

~X'Z27Z l * press,o ; de gonnage> pour ~ r '"~ 

axiCnf ' ^ ^ ,C d,amd,re D ' (figUrC 13 >- - - - -courcssan. 
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Toutc la prdformc vicnt alors s'appliquer intimement conire la paroi du 
putts C, en recouvrant les perforations O. 

De manifere connuc, loui cn maintenant le manchon sous gonflage 
hydrauliquc. on provoquc alors la polymerisation par cffct Joule de la r6sine constituant 
5 la pr6 forme, par alimentation dectrique des Tils chauffants prtvus dans le manchon. 

A Tissue de la polymerisation, on ddgonfle le manchon 9, qui se separe de 
la prfforme durcie - devenue tubage 8' - par nipture des manchettes 93 (figure 14). 

On effeccue ensuite une nouvelle traction G 9 sur la tige 13, laqudle est 
toujour* solidaire de la douillc 4 et du founreau ouvert 6 9 ainsi que, par rimermediaire du 
10 c^bie tendu 50, sur I 'ou tillage 3 et le manchon degonfie 9 (voir figure IS). 

L'ensemble peul I tre ainsi retire du putts. 

Differentes formes de fourreaux rigidificateurs amovibles pourraient aire 
prtvucs ; ce founeau doit lire d'une bonne rigidite longitudtnale tout en possfcdam la 
souplesse n^cessaine a son passage dans un sas non rectiligne. II doit s'ouvrir facilement 
15 pour liWrer la prtfonme et son epaisseur doit «tre faible pour limiter son encombrement 
radial. 

Par ailleurs il doit pouvoir se refermer lors de son passage a travers les 
restrictions R en vue de son enlevement, grace a une forme appropriee, par cxcmple 
legtremcnt conique. 

20 Lc diamfctre et Taptitude a la dilatation radiale de la preforme el, correlative- 

mcnt, du fourreau senont choisis en fonction des conditions rfellcment rencontrdes. el en 
particulier du diamfetre de la zone de puits a tuber. A titrc indicatif. et non limitatif, la 
dimension diametrale D 0 de la preforme a retat replie pourra etre de I'ordre de 60 a 
100mm, son diamfctre D] "mis au rond" sera de Pordre de 90 a 150mm, et son diamfetre 

25 D 2 a Petal expanse sera de Pordre de 170a220mrn. 

La technique qui fait I *objel de la prlsente invention s applique avantageu- 
sement a une preforme souple a la fois ddpliable et radialement expansible ; on ne sortirait 
toutefots pas du cadre de H mention en Pappliquant a des preformes simplcment 
d6pliables, mais non extensibles telles que celles decrites par exemple dans les documents 

30 FR-A-2 662 207 et FR-A-2 668 241 deja cites. 

La polymerisation de la prtforme n'est pas obligatoirement faile par effct 
Joule. Elle pourrait £tre oblenue par d'autres moyens de chauffage, en particulier par 
introduction d un liquide chaud dans la preforme, ce liquide pouvant du reste etre Ic 
mcme que celui qui sen a la gonfler. 

35 La portion d'extremite libre de la preforme. destinee a rdaiiser son ancrage 

initial, pourrait avoir une defonnabilite plus grande que le reste de sa paroi, par exemple 
par adoption d une epaisseur de paroi plus faible ou du choix d'unc mature differente. 
Ceci permcttrait de s'affranchir des liens de contention dont il a ete fait etat plus haut. 
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II 

REVEND1CATIONS 

1 . FYoc^dd pour tuber un puits. notamment un puits de forage petrolier 
ou une canalisation, au moyen d'une preforme tubulaire souple. durcissable inatu. selon 
lequel on introduit la preforme dans le puits ou la canalisation a V6m longitudinalement 
replie. puis - lorsqu'elle y a etc correctement positionnee - on la deplie par gonflage 
hydraulique pour lui donner une forme sensiblement cylindrique. on I'applique contre la 
paroi du puits ou de la canalisation et on provoque le durassemem de a paroi. caracterise 
par le fait qu'avam d'iotroduire la preforme (8) dans le puits ou ia canalisation on 
r.nsere dans un fourreau amovible (6). qui est rigide ou semi-rigide en direction 
long,iud,nale. mais est deformable radialement. et qu'on met en place dans le puits ou la 
canalisation la preforme (8) contenue dans son fourreau (6). ce dernier etant ensuite 
afpare de la preforme (8) et retire du puits ou de la canalisation. 

2. Precede selon la revendication 1 . caracterise par le fait que la preforme 
(8) est inseree partiellement dans le fourreau (6) de telle sorte que son extremite libre 
ressone de celui-ci sur une cenaine longueur (Lo). 

3 . Procede selon la revendication 2. caracterise par le fait que dans un 
premier temps on deplie radialement uniquement la portion de preforme qui depasse du 
fourreau (6). et on I applique contre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancragc. aprts quoi on extrait le fourreau (6) par traction (G) vers 1'arriere. 

4 . Procedd selon I 'une des revendications 1 a 3. caracterise par le fail 
qu'on utilise une preforme (8) qui. apres depliement radial, et mise en forme cvhndrique. 
est expansible radialement par gonflage hydraulique. 

5 . Procede scion la revendication 4. caracterise par le fait que la dcsolidan - 
sat,on de la preforme (8) par rapport au fourreau (6) s'opere par suite du depliement 
rad.al de la ponion de la preforme contenue dans le fourreau (6). apres quoi s'operent 
successivement 1 'arrachement du fourreau (6) et I 'expansion radiate de ladite portion dc 
preforme. 

6 . Dispositif pour tuber un puits. notamment un puits de forage petrolier 
ou une canalisation au moyen d'une preforme tubulaire souple. donl la paroi esi 
thermodurcissable insilu. cette preforme etant radialement deformable sous Peffet d'une 
pression hydraulique interne entre un etat replie longitudinalement et un etat deplie 
senablement cylindrique. caracterise par le fail qu'il comporte un equipment (2) de pose 
dc la preforme (8). monte a I'cxtremite d'une tige de commande tubulaire (13) destinee a 
etrc mtroduite dans le puits (P) ou dans la canalisation depuis une tete de puits ( 12). cet 
equipemcnl comprenant : 
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a) un outillagc dc pose ci de contrdle (3) portant la prtforme (8), apic a 
fournir a celie-ci le fluide hydraulique sous pression ndcessaire a son ddpliement. ct 
I 'energie thermique n^cessai re au durcissement de sa paroi ; 

b) un fourreau amovible (6) solidaire dc rextrtmit* dc la tigc (13), a 
5 I 'ini&ieur duqucl est enserrte au moins partiellcmcnt la prtforme (8), ct qui est rigide ou 

semi-rigide en direction longitudinale. mais est dlformable radialement de sorte qu'il peut 
fctre retirf de la prtforme (8) lorsque celie-ci se trouve a I f *tat ddpW. 

7 . Dispositif selon ia revendication 6, caract*ris£ par le fait que ledit 
fourreau amovible (6) est un tube fendu, apte a s'ouvrir pour liWrer la prtforme (8) au 

10 cours de son (tepliemenL 

8 . Dispositif selon 1 *une des revendications 6 ou 7, caxactlrisl par le fait 
que la prtforme (8) est solidaire d'un manchon intdrieur arrachable. radialement 
expansible, (9), a rinttfrieur duquel est introduit le liqutde hydraulique fourni par 
Poutillage de tubage (3) ct servant a cfcplier la prtforme (8), ce manchon (9) 6tanl 

15 d^gonfl* et stpar6 de la prtforme (8) en fin d'opdration. puis retire du puits ou de la 
canalisation cn memc temps que Poutillage (3) et le fourreau (6). 

9 . Dispositif selon Tune des revendications 6 a 8, caracterise par le fait 
que la prfforme (8) est thermodurcissable, son chauffage 6tant r6alis* par effet Joule par 
rintermediaire d\tn dlWe *lectrique dtformable (50), cc dernier 6tam stock* sous un 

20 faiblc encombrement dans une douille (4) qui est interposle cnlre I'extrgmit* de la tige de 
commande ( 13) et Toutillage (3) ct est solidaire dudit fourreau amovible (6). 

10. Dispositif selon la revendication 9, caractiris* par lc fait que ledit 
cable (50) a une longueur sensiblement *ga)e a celle de la prtforme (8 % ) mise en place. 

11. Dispositif selon la revendication 10, caracterise par le fail que la 
25 prtformc (8) est d^pliable et radialement extensible. 

12. Dispositif selon la revendication 1 1, caract£ris* par le fait que la 
prdforme (8) comprend un tressage de mfcehes souples (700) s'entrecroisant avee un 
certain jeu, de telle sorte quelle peut s'expanser radialement tout en se restreignant cn 
direction axiale. Ic matcriau constitulif de la preforme 6tam une rtsine (82) polymerisablc 

30 a chaud, dans laquelle est noye ledit tressage (700). 

13. Dispositif selon les revendications 8 a 12 prises en combinaison, 
caracterise par le fait que ledit manchon (9) comprend dgalement un tressage de mfcehes 
souples entrccroisdes (700) aptes a s'expanser radialement tout en se restreignant en 
direction axiale, et qui sont emprisonnfes entre des peaux intfrieure (90) et exterieure 

35 (91) souples, certaines desdites mfcehes *tant remplac^cs par des fils conducteurs 
d Electricity aptes a chauffer la prtforme par effet Joule, qui sont connects dectriquement 
audit cable (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 
In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241, the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The preform is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface lhat risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting jn_sjtu. this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the too! and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7, 8, 9, 10, 12, 13, 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1 ; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1, includes in a known way 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13, a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4, and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9, which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an eiectric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length L 0 that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length Li on the order of 
10 to 30 meters, and the length L 2 , which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1, the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3, that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round/ that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the prefomYs expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter and finally this same assembly - referenced T - in the radially 
expanded condition with diameter D 2 appreciably greater than D v 

The diameter and the radial expandability of the preform are chosen so that D 2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82. made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to. inflate it - and correlative^ to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlative^ of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D 0 that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). . 

This diameter D 0 is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13, preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O, that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art, are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70, and only this part, is first rounded 
out, then radially expanded to the diameter D 2 , which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6" in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12, is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6" has been completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7, which 
assumes the diameter D 2 (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6" so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example/the diameter D„ of 
the preform when folded may be on the order of 60 to 100 mm. its "rounded" diameter D, will be 
on the order of 90 to 150 mm. and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241. 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 
hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable. and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2. characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting jnsitu. this preform being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8), mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12), this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8), suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the preform 
(8) is integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8, characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9, characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8"). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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